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Abstract
A portable, low-power water purification system was developed for use by aid
workers in underdeveloped world regions. The design included activated carbon and ceramic
candle filtration to 0.2 microns for bacteria and turbidity reduction followed by UV
irradiation for virus destruction. Flexibility and modularity were incorporated into the system
with AC, DC, and environmental power supply options as well as the facility to purify water
from either surface or local utility sources. Initial prototype testing indicated the successful
filtration of methylene blue dye to well above the 75% UV transmittance level required for
virus destruction by the UV reactor.
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Introduction

Background
This project centered upon the development of a prototype water purification
system. The process began with system development in which the initial filtration method
was determined. Next, the design phase included the location of specific components, parts,
and materials for the actual system. Prototype construction and testing followed at the end
of the project. Each stage of this development path was extensive and each will be addressed
in turn as the process is explained. Once the history of the project has been illuminated, the
attributes of the final product will be summarized and various important features of the
process and design can be discussed. Finally, the conclusion will offer insight into the
valuable lessons learned during the course of the venture as well as suggestions for next
steps should others wish to improve or further develop the system.

Design problem
In the United States, the water quality is carefully set and regulated for consumer
safety by the United States Environmental Protection Agency (EPA).1 When travelling
internationally, however, the World Health Organization (WHO)2 notes that the type and
level of contamination in water fluctuates broadly depending on the immediate environment,
the local government’s regulations, and the ability of that country’s infrastructure to limit
pollution of the water supply. Further complicating matters, in many underdeveloped
regions of the world, especially rural areas, filtered water of any form is often simply
unavailable3 and the local populace generally finds their drinking water at nearby rivers,
streams, and springs. Contaminants in the unfiltered water found at these natural sources or
in foreign utilities often cause ill-effects for travelers who are unaccustomed to the varying
water conditions.4
For long term and career missionaries, the illnesses encountered from foreign water
supplies are an accepted fact of life and are tolerated or gradually overcome (often with some
use of chlorine) as the human body attempts to adapt to the quality of the available water
supply over time. Since short term missionaries (<4 weeks) do not have the time required to
deal with the illnesses associated with drinking from the new water supply, the proposed
water filtration system is aimed at addressing the water needs of these missionaries in

Environment Protection Agency. Drinking Water Contaminants, National Primary Drinking Water Regulations.
August 29, 2011. http://water.epa.gov/drink/contaminants/index.cfm#List (accessed September 6, 2011).
2 World Health Organization: Region office for the Eastern Mediterranean: Regional Centre for Environmental
Health Activities, CEHA. A compendium of drinking-water standards in the Eastern Mediterranean Region. 2006.
http://www.emro.who.int/ceha/pdf/drinking%20water%20standards.pdf (accessed November 14, 2011).
3 Howard, Guy, and Jamie Bartram. "Water Sanitation and Health." World Health Organization. 2003.
http://www.who.int/water_sanitation_health/diseases/wsh0302/en/index.html (accessed November 13,
2011).
4 Ahlm, C., S. Lundberg, K. Fessé, and J. Wiström. "Health problems and self-medication among Swedish
travellers." Scandinavian Journal of Infectious Diseases 26, no. 6 (1994): 711-717.
1
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particular. In such conditions, a reliable, affordable, light-weight, low power system would be
of significant value.

Objectives and design criteria
The overall goal of the project discussed herein was the development of a portable,
continuous flow water purification system for use in regions of the world which lack potable
water. Though the water purification market is very broad, within the humanitarian and aid
environment there is still a need for a small to medium volume water filtration and
purification system. The course to completion of the project included the conceptual system
development, specific part selection and design, and initial prototyping of a practical and
effective system.
Specifically, the main objective of the project can be broken down into a number of
smaller goals, each of which has a particular set of constraints based upon the needs of the
market for the product. These smaller categories are shown below in Figure 1. In terms of
the importance of the criteria, three main categories can be considered: functionality is the
most critical followed by portability second and marketability third. Thus, while many criteria
played into design considerations, when trade-offs occurred they did so with deference to
the relative importance of each category to the value of the final product.

Figure 1: Constraint categories are shown with functionality as the most critical
followed by portability and marketability.
In terms of constraints, the specifics of each particular criterion are examined below.
I.

Effectiveness
Any final design must effectively remove a variety of contaminants from the
water supply. The United States Environmental Protection Agency (EPA)
regulates the standards for drinking water in the United States. The EPA’s
primary concern is control of the contaminant level in public drinking water
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through the regulation of water treatment facilities. An extensive EPA list 5 places
limits on the allowable contaminant concentration of many inorganic water
pollutants (lead, mercury, cadmium, chloramines, nitrites, etc.) as well as organic
contaminants (Dichloromethane, glyphosate, toluene, xylene, etc.) and bacterial
populations (Giardia lamblia, Cryptosporidium, etc.).
Although these regulations provide a list of contaminants and their
acceptable levels, personally testing for all these contaminants went far beyond
the scope of the project. Since the EPA does not have specific regulatory
requirements for consumer filtration systems, water filtration quality for the
developed product would have to be independently tested and certified by a nongovernment agency such as the Water Quality Association or the NSF
International. This certification would not be required by law but would only be
used as a consumer guarantee of quality and an aid to marketing. Budgetary
constraints place independent testing beyond the scope of this project. To
replace bacterial testing, this developed system should use filtration and
purification components that have previously been independently tested by the
manufacturer and meet the water purity standards set forth by the EPA.
In short, then, the final product must be capable of safely producing potable
drinking water for travelers accustomed to United States EPA water standards.
II.

Safety
The system must have safeties in place to protect the user from harm due to
mechanical or electrical components both with and without the presence of
water. This protection must be taken into account in any form of engineering
design or development. In this particular product, which will be used in remote
regions by untrained operators, the design must be as “foolproof” as reasonably
possible. In terms of mechanisms, this protection includes protective casings and
covers. For electronics, such guards must provide electrical insulation from
shock hazards especially as water will likely be present in most use scenarios.

III.

Power usage
The designed product should be capable of functioning on local power
supplies. Though this power would ideally be AC utility power in the region in
which the system is being employed, such utilities cannot be relied upon given
the uncertain nature of the locales in which this product may be used.
Furthermore, the voltage, current, and frequency supplied by local electrical
infrastructures varies significantly around the globe. Even within a country, the
power supply is subject to a margin of uncertainty based upon the controls put in

United States Environmental Protection Agency. "Drinking Water Contaminants." EPA: United States
Environmental Protection Agency. September 30, 2011. http://water.epa.gov/drink/contaminants/index.cfm#List
(accessed November 13, 2011).
5
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place on the utility power grid. Any serious proposed filtration system should,
therefore, be able to adapt to situations where electricity from a utility comes in
many forms, is intermittent, or is simply unavailable.
As such, the developed system should function on the lowest common
denominator: energy supplied solely from reliable alternative energy sources
(manual, hydro-electric, solar, wind, etc.). This power limitation places critical
maximums on the scale, flow rate, and pressure that can be developed.
IV.

Reliability and robustness
Because water is such an essential need, reliability and robustness are
essential when designing a filtration system. The proposed method must be able
to produce pure water of consistent quality every time it is activated for the
entire life of the filter. Due to difficulty in procuring replacement parts in the
remote locations where the system is targeted for deployment, the developed
assembly should ably withstand the rigors of international and rural travel
conditions without serious concern regarding either filter integrity or issues of
mechanical and electrical resilience.
Thus, in specific terms of reliability, the system should be designed to be
capable of providing water for 30 people a day (nominally 7.5 L/person) for 30
days while only requiring changes to filters or other disposable and consumable
system elements. Robustness, on the other hand, requires that the system be
developed to withstand international damages such as a 12” drop onto a hard,
flat surface.

V.

Size and weight
Portability is an important factor in any selected design. The long distances
of travel associated with mission work coupled with the lack of infrastructure
typically seen in developing countries makes the need for ease of system
transport clear. As such, the unit must be compact and light weight as well as
suited for transport by foot if necessary.
It was estimated that the dimensions of the assembly should fit the frame
size associated with common backpacking gear. Estimating this size offered a
general scale of 36 inches by 18 inches by 12 inches. Since backpacking systems
are expandable and collapsible based upon the need of the hiker the dimensions
given can be considered guidelines. In any case, a minimum of scale is
imperative. As for the weight of the system, it was estimated that the entire
apparatus weigh no more than 35-50 lbs (nominally 15.9 – 23 kg) in order to
facilitate transport by foot.
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VI.

Cost
From an economy standpoint, the cost of the system must be carefully
considered. Any design must be able to be mass-produced for sale at a price
which is effective for successful marketing against other portable water filtration
systems intended for similar purposes. Furthermore, in the short-term missionary
market, funds are at a premium. Though the mass production cost to the
consumer cannot be estimated with any accuracy from a prototype product, the
goal of the project is to place the cost of parts for the prototype at $1,000. At
this level, the pure water produced by the system should be able to compete with
other products on the market on a cost-per-volume of water basis.

VII.

Appearance and ease of use
Though it is not critical to pure water production for short-term
missionaries, aesthetics are an unavoidable aspect of design for any system,
especially a system that is intended for sale to the general populace. Such
aesthetics encompass not only appearance but also the ease of use and
maintenance of the system. Therefore, the final product should be arranged in
such a fashion as to fit within a standard geometric shape, such as a rectangular
prism, for ease of packing and as a pathway toward a refined overall appearance.
The developed system is expected to be employed by part-time missionaries
with little or no training in water purification techniques. Therefore, as ease of
use goals, the developed product should be able to be unpacked, set up and
operated within 5 minutes. Secondly, it must integrate the components of the
filtration system in such a manner that the changing of consumed components
(filters, tablets, lamps, etc.) is streamlined for the user so as to minimize the
complexity of any maintenance chores.

All told, the above seven criteria place a considerable amount of load upon the
development, part selection, and prototyping of the product. The feasibility of such a system
is reasonable given current water purification technologies (reverse osmosis, ultrafiltration
membranes, filters, ultraviolet light irradiation, etc.) and the cost and size of many common
components (hosing, valves, pumps, power supplies).

Reasoning against alternatives
In the course of development, it is important to justify all decisions regarding a
particular course of action. In narrowing down the field of options for water purification,
several alternatives presented themselves though each of which was ineligible with respect to
a number of criteria. Given below are several such options and the reasons that undermined
their use in a system targeted toward short-term missionaries and aid workers in regions with
limited power supplies.
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1. Reverse Osmosis:
This system of water purification has several criteria against it when it comes
to the market in question. First, the membrane required for reverse osmosis is
expensive, often proprietary, and must be replaced over time resulting in a
significant maintenance expense to the user. Secondly, reverse osmosis is slow,
often taking several hours to produce a few gallons of pure water.6
2. Distillation:
Though distillation is simple and inexpensive, the power and time requirements
of evaporating and condensing large amounts of water are detrimental to its use.
As a further danger, volatile organic compounds are not removed by the
evaporation/condensation process but transfer into the new vessel ahead of the
water that is being purified. Thus, this system is slow, requires large amounts of
power, and fails to purify the water of a significant class of toxins.
3. Boiling:
Though in many ways boiling is an effective way of killing bacteria, it presents
similar shortcomings to distillation. In this case, the volatile organic compounds
are lost to the atmosphere, but the non-volatile inorganic pollutants are
concentrated in the vessel as water is boiled off and the volume decreases. Thus,
as with distillation, boiling is slow, requires high energy input, and fails to remove
a significant class of toxins including lead, mercury, and cadmium.
4. Chlorination:
Though it is quick, simple, and can be removed after sterilizing water by an
activated carbon filter, chlorine does not successfully kill certain kinds of bacteria
(Cryptosporidium, for instance7). Furthermore, chlorine can be involved in sidereactions in the water it is added to leading to chlorination by-products which are
toxic. Thus, chlorination is both ineffective against an important cause of
traveler’s illness and it may, in certain cases, increase the danger of the drinking
water it due to chlorination by-products. It is possible that a combined
chlorination/carbon filtration system might be effective, but the chlorine would
be quickly consumed as well as accelerating the rate of carbon filter fouling.
These arguments effectively limit any reasonable ventures toward such a
solution.

6

Bergsrud, F., B. Seelig, and R. Derickson. "Reverse Osmosis." North Dakota State University Website. June 1992.
http://www.ag.ndsu.edu/pubs/h2oqual/watsys/ae1047w.htm#disadvantage (accessed November 27, 2011).
7 Enviromental Protection Agencie. "Basic Information about Disinfectants in Drinking Water: Chloramine,
Chlorine and Chlorine Dioxide." Enviromental Protection Agencie's web site. September 29, 2011.
http://water.epa.gov/drink/contaminants/basicinformation/disinfectants.cfm (accessed November 27, 2011).
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Design

Determination of filtration path
With the objective known and the criteria stated, the development process was
undertaken. This involved extensive literature searches for the water purification
technologies that fell within the ranges specified by various criteria. Few specific parts were
actually searched for during this phase of the project as it was the overall design that was
being oriented to meet the limitations stated. At the time specific parts were located purely
as confirmation that a given promising technology existed at the scale and cost required of
this development project.
During this phase of the project, Mr. Eddie Livingston, PE, offered his expertise on
the project. His suggestions brought ultrafiltration membranes to light as well as ceramic
candle filters and a host of practical information regarding previous work he had completed
in the same field. Ultrafiltration membranes were investigated but proved to be
manufactured at a scale and cost that was impractical for a small, portable system. Ceramic
candles, on the other hand, are a quite common form of water filter that relies upon the
small pores within a ceramic substrate to filter contaminants (including bacteria) out of
water.8
When the literature search and technology vetting process was complete, a
purification pathway was selected which routed impure water through an activated carbon
filter and an ultraviolet germicidal irradiation chamber. This system seemed to offer the best
all-around remediation for a wide class of pollutants (inorganic, organic, and
microorganisms) while still maintaining cost and energy requirements that allow it to be
marketed to the target demographic.
In affirming the selection a literature search was conducted to locate similar systems
that may have been previously developed. In this search, several carbon filter/ultraviolet
sterilization products were found, though none seemed to successfully target the
demographic in question. The AquaSun Responder A is a 12 volt system with similar flow
rates and costs though it is less portable (rolling suitcase design) and only offers battery
power input.9 Similarly, the SAF H20 system uses 12 volt DC battery power but it is also a
suitcase design, limiting portability, and it does not offer either manual power or alternating
current inputs.10 Finally, on the other end of the spectrum, the SteriPEN Sidewinder11 has a
manual crank power supply for an ultraviolet lamp but it contains no filtration stage and it
8

Shrestha, Lerica G. Ceramic Candle Filter. http://www.sswm.info/category/implementation-tools/waterpurification/hardware/point-use-water-treatment/ceramic-candle-f (accessed March 22, 2012).
9 Aqua Sun International. Responder A. 2011. http://www.aqua-sun-intl.com/portable-water-purificationsystems/fresh-water-systems/responder-a (accessed November 20, 2011).
10 SAF H20. SAF H2O Portable Emergency UV Water Purifier/Filter. October 30, 2011.
http://www.ebay.com/itm/SAFH2O-Portable-Emergency-UV-Water-Purifier-Filter/270765240738?pt=LH_DefaultDomain_0&hash=item3f0addb1a2#ht_4094wt_979 (accessed November 20,
2011).
11 SteriPEN. "Sidewinder." SteriPEN website. 2011. http://www.steripen.com/sidewinder (accessed November
26, 2011).
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produces less than 0.2 gallons of clean water per minute a flow rate that the eventual design
aimed to improve upon.
With these three competitors as reference, the planned assembly appeared to fit a
market that none yet satisfied. The proposed design would enable the user to provide power
in the absence of electric utilities or batteries while still maintaining the continuous high
volume flow of water (rather than batch processing) that the more expensive devices offer.
Moreover, the proposed system is light-weight, less expensive, and easier to transport for the
many different situations short-term missionaries and humanitarian aid workers encounter.
Carbon filtration and ultraviolet irradiation technologies were selected for their
simplicity and reliability which offered good potential for the final design of the system to
meet each of the development criteria. A generalized block diagram of the system is given in
Figure 2 while the path of input water through the system is described from start to finish
thereafter including explanations of the value each part offers to the overall assembly.

Figure 2: Given above is a description of the proposed design for block diagram
purposes only. It does not show the actual spatial arrangement of components nor
does it offer accurate scaling of the parts relative to one another.
Inlet: Initially, water from a local source is fed into the inlet of the system. If possible,
this water should be obtained from local utilities. The importance of this utility supply is not
purity, as any local source remains likely to contain significant concentrations bacteria that
are problematic to foreigners. Instead, pre-processing by local utilities decreases the water’s
turbidity (cloudiness) by removing many of the larger particulates in the water supply.
Removing these pollutants before the water enters the system should prolong the life of the
activated carbon filter.
When local potable water sources are not available, water from streams or rivers
may also be used though such sources would quickly clog the mesh pre-filter as well as the
carbon filter. If heavily turbid water is expected, it may be valuable to add a flocculation tank
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to the system which allows for the use of alum12 to decrease turbidity before the water enters
the purification unit. A flocculation tank is not included in this system’s design nor is it in
the scope of the project, though such a system could be easily added before the inlet to the
system at a later stage without complicating the internal particulars of any designed
apparatus.
Regardless of the water source, the inlet stream enters the assembly by a hose either
directly connected to a faucet or connected to a large reservoir of unclean water. In such a
case, the reservoir would require periodic refilling as the system drained the tank.
Pre-filter: From the inlet, the water is sent through a wire mesh pre-filter designed to
remove the largest particulates from the water based upon the pore size of the mesh
material. In general, the pre-filter is intended to function as a guard mainly for the pump.
Without the pre-filter, large particles would quickly clog and foul the pump, possibly causing
it to seize. Those which did pass through the pump would accelerate the fouling of the
activated carbon surface and decrease the lifetime of the filter. It is valuable to note that the
final selection of pre-filter coarseness must balance the gains in carbon filter lifetime from
greater pollutant removal with the increased pressure drop across the pre-filter due to small
pore sizes. The overall pressure drop is important as the power demands of the pump are
directly related to the water pressure it is required to produce.
The pre-filter is designed to be cleaned periodically. As such, it would be mounted in
a location that facilitated easy maintenance. With large particulate removal, its condition
would need to be actively monitored by the user as replacement would depend upon the
clarity of the inlet water stream for a given location. Maintenance would simply require
removal and rinsing to rid the surface of the wire mesh of any lodged particles (leaves, twigs,
bark, clumps of dirt, etc.).
Electric Pump: From the pre-filter, the water is sent to a small electric pump which is
powered by the charging circuit (discussed later). The pump is placed high in the flow path
in this design so that any difficulties with priming will be minimized. Depending on the
pump, some manual priming may be required unless the part is capable of running dry for a
period of time without overheating. All told, this element of the path is straight-forward,
though it is important to note that the selected pump must be capable of providing enough
pressure to overcome the resistance of both the pre-filter and the activated carbon block at a
water flow rate of 1-2 liters per minute while not using more power than can be supplied by
the manual generator used to charge the system.
Pressed Activated Carbon Block: The pump pressurizes the water (the only previous
pressure provided by the local utility or gravity) in order to push it through the pressed
activated carbon filter block. Activated carbon filters are composed of activated charcoal
World Health Organization. Water Sanitation and Health. 2011.
http://www.who.int/water_sanitation_health/dwq/wsh0207/en/index6.html (accessed November 26, 2011).
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which is extruded together with a plastic binding agent and cured under high pressures and
temperatures.13 This form of filtration functions via size exclusion (narrow water paths that
contaminants cannot fit through) and adsorption (surface binding of pollutants) filtration
methods which have been shown to successfully capture a wide variety of organic and
inorganic toxins. The pore size and surface area of the carbon block varies, but pore sizes on
the order of 0.2 microns can be made and offers the best filtration as it has incredibly large
internal surface areas.14
Architecturally, most commercial activated carbon blocks (and the one used in the
proposed system) come in the form of a hollow cylinder. The walls of the cylinder are
formed by the carbon while end caps are provided by plastic which is glued in place during
the manufacturing process. As an added structural support, many carbon blocks also
incorporate a cloth material on the outside of the block to strengthen the tensile
characteristics of the carbon block (which can be quite brittle) and to prevent erosion of the
fine grain carbon material due to handling.
This hollow cylindrical block is placed in a plastic tank to which an outlet hose is
attached. Unclean water is sent to the outside of the cylinder. Water pressure then drives the
liquid through the activated carbon screen filtering out contaminants. The water that has
passed through the block is collected in the center chamber and flows up and out of the
cylinder.
Ultraviolet Germicidal Irradiation Chamber: Once the water has filtered through the
carbon block, it is collected and drained into another cylindrical chamber which houses an
ultraviolet (UV) fluorescent light bulb at its core. The light is powered by the same charging
circuit (explained later) which controls the electric pump. For a given fluorescent bulb, there
is a fixed maximum output of UV radiation. This emitted radiation damages the DNA of
viruses in the water making them unable to reproduce and successfully sterilizing the output
water.
Though the amount of UV radiation required to kill bacteria varies with the
microorganism, guidelines have been provided by the United States EPA for UV Germicidal
Irradiation.15 Proper sterilization of bacteria is a combination of radiation intensity and time
of exposure (controlled by geometry and flow rate). In order for the proposed system to
function successfully, these two variables must be carefully set and maintained. Variations in

McDougall, G.J. "The Physical Nature and Manufacturing of Activated Carbon." South African Institute of
Mining and Metallergy Web Site. 1991. http://www.saimm.co.za/Journal/v091n04p109.pdf (accessed November
26, 2011).
14 Home water purifiers and filters. "Granulated Activated Carbon (GAC) and Carbon Block Filters." Home
water purifiers web site. 2011. http://www.home-water-purifiers-and-filters.com/carbon-water-filter.php (accessed
November 26, 2011).
15 Linden, Karl G. , Sobsey, Mark D. "Effectiveness of UV Irradiation for Pathogen Inactivation in Surface
Waters." Environmental Protection Agency. August 19, 2009.
http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract/1128/report/F
(accessed November 26, 2011).
13
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input power from the charging circuit must be accommodated in order to assure that
radiation intensity of the selected lamp is consistent.
To make safe the function of the product, a UV sterilization chamber will be
purchased as a component in the system with certifications regarding its ability to output UV
radiation at acceptable levels. Furthermore, it will be important to collect information from
the manufacturer regarding the energy output of the device, its power requirements, and the
flow rate limits to its sterilization ability. Since actual germ testing of the output water falls
outside the scope of this project, a factor of safety will need to be assured in the selection of
the UV chamber (likely by increasing the radiation dose of any transported bacteria by
slowing the flow rate through the chamber).
Though UV lamps have a lifetime of several thousand hours,16 they are still
exhaustible pieces of equipment that will require periodic replacement. The schedule of
periodic replacement will need to monitored by the user of the product in order to assure
proper operation of the sterilization system. As an added note, since fluorescent light bulbs
are fragile, the charging circuitry must have an indicator in place (likely an LED warning
light) which will illuminate if the UV lamp breaks or fails to light so as to alert the user that
their water is not being sterilized.
Flow Restrictor: To control the flow rate through the system, given the variations from
the charging circuit and pump speed, a flow restrictor will be installed past the UV radiation
chamber to assure that water cannot, regardless of pressure, flow through the sterilization
zone of the system faster than intended. With this addition, the water in the sterilization
chamber will have either the minimum allowable dose of radiation or too much radiation since
the flow rate will have upper limit governance.
This element of the system is commonly found in industry. It is an unpowered
device that functions in an analog manner dependent upon line pressure. As the pressure in
the line increases, the flow restrictor contracts or introduces turbulence to the flow, forcing
the rate to slow as resistance increases.
Outflow: From the flow restrictor the water flows out of the system and to whatever
use the consumer desires.
Charging/Power Circuit: There are three different elements to the charging circuit: the
electric water pump, the ultraviolet light, and the manual generator. The manual generator
may consist of a hand crank or wheel which the user spins to generate electricity that is then
harnessed for use in the UV lamp and pump. In order to mitigate changes in energy
generation (which is directly linked to variations in crank speed) an electric buffer circuit will
be added to assure that the UV lamp receives consistent power, a vital condition since power
fluctuations affect 254 nm light output intensity from the lamp. Consistent power to the
SteriPEN. (2011). Sidewinder. Retrieved November 26, 2011, from SteriPEN website:
http://www.steripen.com/sidewinder
16
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pump is less vital as electrical variations will only produce surges in flow rate which will be
tempered by the flow restrictor.
To add flexibility to the system, secondary and tertiary power inputs are planned as
options. First, if power is available on site at the location in which the system will be
employed, a power converter could be included which would take local power and convert it
to the form required to run the proposed system. Secondly, an automotive or similar battery
input is optionally offered which would allow a 12 volt attachment to feed energy into the
charging circuit in order to power the equipment.
With this adaptability, the system should be able to successfully and reliably find use
in many locations in developing regions as electricity is often locally available but not in a
consistent and trustworthy manner. If power can be harnessed from utilities or household
circuitry the system would be able to take advantage of it. If not, any user of the system
would still be able to produce clean water even in prolonged power outages though the
generator.
Frame and Backpack: Though not shown in Figure 2, the system would likely bolt on
to a frame that best fits the design criteria of weight, robustness, and size. This frame would
incorporate fittings to allow the user of the assembly to swap out expendable parts (prefilters, carbon block filters, ultraviolet lamps) with replacements. Additionally, the frame
would be designed to mount on a converted external frame backpack (similar to
mountaineering frames or child-carriers) for ease of transportation by foot in the event that
vehicular transport is unavailable where the item is to be used. A simple conceptual
rendering of the backpack frame and system is given in Figure 3.

Figure 3: Conceptual rendering of a possible version of the prototype mounted to a
backpack frame

Specific design and part selection
The next stage of the process required the location and purchase of each element of
the prototype. The actual prototyping process was made possible by funding from the
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Andrews University Department of Engineering and Computer Science as well as a generous
donation to the project by Mr. Livingston who had acted as a consultant early-on in the
development process. Element by element, the parts for the prototype are identified below
along with their origin and some key specifications.
Twist-on water strainer (pre-screen):
Produced by SHURflo, this strainer consists of a stainless
steel cylindrical mesh with 50 holes per inch housed within a clear
twist-off plastic housing. The clear housing allows the user to easily
monitor the condition of the screen to facilitate proper cleaning
and maintenance. The head of the pre-screen connects to 0.5 inch
fittings, the same as those which are employed by the UV reactor
and pump. A rendering of the item is given in Figure 4.17

Figure 4: Twist-on water
strainer

Aqua King Junior 2.0 Fresh Water Pump 12VDC:
This pump is a SHURflow positive
displacement pump with 6 feet of vacuum pull
capability, a 2 gallon per minute flow rate, and a 30 psi
maximum pressure cut-off. Due to these qualifications,
the pump can “run dry” enabling self-priming of the
system up to 6 vertical feet. The user can, therefore,
place a hose in a bucket and pull water into the system
without having to hassle with air bubbles or bleeder
valves. As a further benefit, the run-dry capability Figure 5: SHURflo Aqua King Junior
2.0 12VDC positive displacement
enables the pump to pull air through the system
and evacuate water allowing it to function as a tool pump
for draining the entire apparatus when it is to be
transported. The 30 psi cut-off pressure acts as a safety valve to keep the pump from
damaging itself or other components in the flow path should there be an obstruction which
blocks air or water flow. This feature is most valuable as it relates to the low flow rates
through the filter and flow restrictor, where, if unchecked, the pressure could build up
rapidly and cause component failure if such a safety were omitted. The pump runs gradually
slower as less than 12VDC are applied. Thus, if less than adequate power is available for
both the UV lamp and the pump, the power can be used for the UV lamp’s operation and
any left-over energy can be used to turn the pump at less than optimal speeds, if need be.
This variable speed capability of the pump dictates that its power draw fluctuates. At

SHURflo. Water System Accessories: Pump Strainers. 2012. http://www.shurflo.com/rv-products/rvaccessories/water-system-accessories/default.html (accessed March 22, 2012).
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maximum pressure and flow, however, it is rated to draw only 43.2 watts. The inputs and
outputs of the pump are 0.5 inch fittings. Figure 5 yields a rendering of the component.18
0.2 micron combined ceramic candle and activated carbon
filter with housing:
Activated carbon is known for filtration by adsorption
and size exclusion methods. To a lesser extent, ceramic candle
filters are known for similar behavior. The selected filter
combines both types of filtration with a 0.2 micron nominal
pore rating – essentially the limit of the technology. This filter
is tested and certified for NSF standard 42 for chlorine
removal and NSF standard 53 for turbidity (cloudiness)
reduction. Furthermore, the filter is estimated to have a
lifetime of approximately 1500 gallons and a maximum
recommended flow rate capacity of 0.5 gallons per minute. At
the maximum flow rate, the filter is estimated to provide a 15
psi pressure drop with an outside-to-inside flow path through
the cylinder walls. The filter is roughly 2.5 inches in diameter
and 9.8 inches in height. It is designed to fit within a standard
10 inch filter housing19 (purchased separately). A rendering of
the filter is given in Figure 6.
The housing consists of a top-piece which contains the
hose ports and a transparent plastic filter housing. The
apparatus is meant to be mounted vertically. The filter is
installed by unscrewing the housing and setting the filter within
before re-installation. Though most of the system utilizes 0.5
inch fittings and ports, the filter housing has inlets and outlets
of 0.375 inches due to a lack of 0.5 inch flow controllers
limited to 0.5 gallons per minute. To alleviate this issue, a 0.375
inch flow controller was purchased and two reducer fittings to
enable the connection of 0.5 inch fittings to the 0.375 inch
filter housing ports.20 Figure 7 gives a rendering of the housing
without the internal filter.

Figure 6: 0.2 micron
combined activated
carbon and ceramic
candle filter

Figure 7: Standard 10"
filter housing with
3/8" ports

SHURflo. Aqua King Junior 2.0 Fresh Water Pump 12VDC. 2012. http://www.shurflo.com/marineproducts/marine-pumps/fresh-water-pumps/aqua-king-fresh-water-pumps/default.html#tab7 (accessed
March 22, 2012).
19 Water World Plus. 0.2 Micron Carbon Block Cartridge. 2012.
http://www.waterworldplus.com/index.php?main_page=product_info&cPath=68&products_id=180&zenid=
59uok3kkkpj2u1766i8b9ksq06 (accessed March 22, 2012).
20 Fresh Water Systems. 10" SLIM LINE HOUSING 3/8" CLEAR SUMP. 2012.
http://www.freshwatersystems.com/p-658-10-slim-line-housing-38-clear-sump.aspx (accessed March 22,
2012).
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0.5 gallon per minute flow controller:
This item, as discussed in the initial development process, consists of a small mesh
housed within a 0.375 inch threaded fitting. As the flow rate of water through the mesh
increases, the turbulence induced by the fine screen increases the back pressure on the water
flow effectively limiting the rate to 0.5 gallons per minute. This part and its adapters to other
fittings in the system were especially difficult to locate.21
Sterilight S2Q-P/12VDC Silver Series:
This UV irradiation chamber is capable of 2 gallon
per minute water sterilization within EPA specifications. It
functions on 12VDC power yet only draws 22 watts. Its
total height is slightly over 17 inches when plugged in. It is
accompanied by an inverter which converts the 12VDC
into AC for initialization and powering of the UV
fluorescent lamp within the chamber. The inverter features
an LED light which switches “on” when the lamp is
engaged but fails to light if the lamp is not powered
providing a method for the user to monitor whether the
UV lamp is functioning properly. The chamber itself is
constructed of 304 stainless steel which reflects any
incident UV radiation back into the flowing water. This
reflection increases the dose of radiation absorbed by the
water, improving the efficiency of the chamber.
Manufacturer testing of the system indicates 99.99%
destruction of protozoan cysts, bacteria, and viruses at the
rated flow.22 Extra bulbs can be purchased separately for
$45.23 Figure 8, to the right, shows a rendering of the
reactor chamber.

Figure 8: The Sterilight
Silver Series UV radiation
chamber with connected
inverter for 12VDC input

Power Circuitry:
The system is designed to take AC, DC, and manual energy inputs. As a part of this,
an AC inverter, auxiliary DC inputs, a 12VDC lead acid battery, and a manual power
generator should be included in the final product. The AC utility power is sent through an
inverter which rectifies the current and charges the 12VDC lead-acid battery. Other leads to
Fresh Water Systems. EVERPURE FLOW CONTROL - 1/2 GPM 3/8 QC X 3/8 MNPT. 2012.
http://www.freshwatersystems.com/p-4979-everpure-flow-control-12-gpm-38-qc-x-38-mnpt.aspx (accessed
March 22, 2012).
22 Fresh Water Systems. STERILIGHT S2Q-P/12VDC SILVER SERIES 3 GPM UV SYSTEM. 2012.
http://www.freshwatersystems.com/p-5158-sterilight-s2q-p12vdc-silver-series-3-gpm-uv-system.aspx
(accessed March 22, 2012).
23 Fresh Water Systems. STERILIGHT S330RL UV LAMP FOR S2Q & SC4 SERIES SYSTEMS. 2012.
http://www.freshwatersystems.com/p-495-sterilight-s330rl-uv-lamp-for-s2q-sc4-series-systems.aspx (accessed
March 22, 2012).
21
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the battery function as ports for the optional connection of a 12 volt supply (i.e. a car battery
or 12VDC gas generator) and for the connection of the manual generator.
Due to the complexity of intelligent charging circuitry and the unknown voltage
tolerance of the pump and UV lamp inverter, the prototype was designed to function
cyclically. First it can be charged from either the AC source or the manual generator. Once
the battery is charged, the system is switched from charging to discharging and the water is
pumped, filtered, and sterilized. If a continuous path were allowed between the AC source
and the UV lamp inverter or pump, there is a danger that the electronics of the system could
be damaged due to high voltages as the battery is charged.
The integration of the battery is important. As the manual generator is cranked, there
will be pulses in the production of electricity. The batter functions as an effective buffer to
these energy surges, assuring that the lamp and pump have a consistent voltage input. A
lead-acid battery type was selected due to the multitude of sizes available for purchase as well
as the low cost and the ability out output high amperages.
A concern with this design is that the battery can be overcharged by the AC inverter
unless it is disconnected. For the initial design, the user of the system will need to be
intelligent (monitoring the charging of the system). Future versions of the assembly should
include an intelligent charging circuit in which the AC inverter charges the battery and actuates
the system at the same time. Furthermore, the AC power should cease charging the battery
at some set point to avoid the danger of overcharging should the apparatus be left
unattended.
Two switches would be necessary in the system. The first would be a simple 12VDC
switch capable of handling 2 amps for powering the UV lamp and inverter. The second
switch would be placed between the battery and the pump, also capable of handling 2-3
amps. To assure that the AC source is not directly connected to the electronics of the
apparatus, three way switches will be selected which allows for charging, off, and discharging
modes.
Though the prototype does not feature such a design, the circuitry of future versions
should be arranged in a fashion which would route the first 22 watts of power to the UV
reactor. Only after the reactor had been powered for a brief period (1-2 seconds) would the
pump begin to operate. Furthermore, if power was lost, the circuitry should be designed
such that the pump would lose power first, avoiding the danger of impure water being
pumped through the UV reactor while the lamp was off. In the prototype such control is
manual and must be done by the user.
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Generator:
The system is designed to function off
of the power supplied by a bicycle imitating
generator system. For power generation, a
collapsible stand and gearbox are erected and
a shaft with bicycle pedals is installed. As the
pedals are turned, the shaft accelerates a
second cog in the gearbox offering a
rotational velocity multiple of seven. This
secondary shaft is connected to a pulley and a
belt which, in turn, rotate the drive shaft of a
12VDC electric motor. Using a gearing
system, the 70-90 revolutions per minute a
biker commonly produces are multiplied to
1200-1600 revolutions per minute for power
production from the electric motor. This
power is then fed into the circuitry described
previously.
Unfortunately, due to time and scope
Figure 9: The generator assembly
constraints on the project, a suitable gearbox
showing the pedals, drive shaft, and belt
could not be found which met the desired cost to the electric motor.
criteria. The separate design and construction
of a gearbox to meet the need was briefly considered but advised against as the scale of such
an undertaking was deemed to be beyond the scope of the project. Thus, though no actual
gearbox or motor were purchased, the conceptual design of such a generator system is
shown in Figure 9.
Modular flow path:
For the flow of water through the system, a modular path was selected for the
flexibility it offered. In this design, the water can be taken from either a utility source (faucet)
or from surface water (streams, lakes, or tanks of water). If the water is taken from a tank,
the system would be pressurized by the pump, if it is taken from a utility source, the line
pressure from the faucet would supply any force necessary for the system and the pump
could be bypassed.
In a similar fashion, the flow path was designed to allow for the bypass of the filter
for instances in which there is little concern about water safety save for the threat of viruses.
In bypassing the filter, the user could increase the flow rate of the system by four times (to
two gallons per minute, the limit of the UV reactor as well as the pump). The UV reactor
was not given a bypass pathway as it can simply be switched off without inhibiting water
flow.
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SeaTech fittings were chosen for most of the pathway. This modular design created a
number of challenges in arranging the hoses and fittings to allow for all of the flow path
options. The final format offers significant advantages over competitors when it comes to
the consumer’s ability to govern how power and consumables (filters, lamps) are used in the
operation of the system.
System housing:
The system was designed to fit in a case
measuring 16.5 inches wide by 25 inches tall by 7
inches deep. Though a mass produced system would
likely be designed to fit into a custom-made plastic
case, the prototype case was constructed of 3/8 inch
plywood. The design itself calls for three doors on the
final product, one forming the top hatch of the
system, while the other two function as over-lapping
doors giving full access to the product. In this way,
the entire system and all its components (as well as
valves and hoses) should be easily reached for
replacement or maintenance. For security, the doors
are designed to be attached with piano style hinges
running the length of the door and pressure clasps
holding the doors closed. A sample render of a casing
is given to the right in Figure 10 (though the clasps are
omitted).

Figure 10: The conceptual
casing of the final system is
shown. Note the full length
piano hinges and the overlapping doors.

For the parts given above, it is difficult to clearly explain the effort and time required
to accurately select components which fit the established need. Oftentimes parts seem to
exist only in sizes that are much too large or small. Furthermore, if a correct part can be
located, many times it must be purchased in large quantities. Thus, in order to find and
purchase all of the parts listed above, much tunneling through the catalogues of various
vendors had to be done along with communication with the service centers of various
companies. It is imperative to emphasize the time requirements of this process as it
significantly played in to the overall timeline of the project and encompassed nominally two
months of work.
Fully assembled, the prototype was arranged to appear as shown in Figure 11 below.
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Figure 11: Above is shown a rendering of one of the beta versions of the prototype.
Before it was complete the valve, fitting, and hose arrangement was developed
further to save space in the system. The water flow enters the system in the bottom
left corner (the pre-screen base can be seen) and exits from the UV reactor at the
upper right. In the bottom of the case the collapsed arrangement of the parts for the
portable generator can be seen. As for the flow path, the three-way valves around the
pump and the filter can be clearly observed. Finally, in the upper left part of the
casing the implements of the power circuitry reside including both the AC input and
the battery pack connected to the UV lamp inverter (connecting wires for the pump
and generator are not shown).

Prototype iterations
In the prototyping process, several difficulties were encountered. These challenges
involved the hosing, fittings, and valve system as well as the generator/gearbox situation.
Though not all of the complications could be fully resolved, there were multiple design
iterations which succeeded in eliminating several of the issues.
The first arrangement of valves and fittings had the pre-filter, valves, and hoses all
running along a central horizontal bar toward the top of the casing. When the first fittings
arrived, it quickly became clear that such an arrangement would be quite impossible to
achieve due to the size of fittings required for 0.5 inch hose. As such, the system was spread
out and made to route around the outer edge of the case as shown in Figure 11 previously.
This second arrangement, however, offered challenges as the hose from the outlet of
the pump to the first valve was prone to leakage due to the stress of the small radius of
curvature. To fix this issue, a slightly altered arrangement of fittings was selected and
purchased. Furthermore, it was determined that the second three-way valve needed to be
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placed on the outflow side of the filter due to its construction. These changes necessitated a
third revision of the design which is shown below in Figure 12.

Figure 12: Third iteration of hosing and valve system for the prototype. Note the
change in location of both 3-way bypass valves.

Results
Though it was initially proposed that the system be tested with several possible
primary pollutants, the certified nature of the activated carbon/ceramic candle filter and the
UV reactor chamber made such testing irrelevant. Alternatively, it was deemed more
valuable to test the ability of the filter to meet the turbidity specifications required by the UV
reactor. Since ultraviolet light is attenuated (refracted, reflected, absorbed) by the distance it
travels through water, the UV reactor specifies 75% transmittance of UV light (at 254 nm)
for the incoming water. Turbidity which reduces the transmittance of light below 75% may
cause the water on the outer edges of the UV reactor chamber to be improperly irradiated.
The turbidity testing was accomplished by collecting tap water, doping it with dye,
and removing the dye with the filter while samples were taken of each stage of the process
for spectral testing. 45 ml of 0.05% by weight methylene blue dye was added to 3.5 liters of
tap water (nominally 6.43 ppm). The water was processed through the filter as input and
output samples were collected. The samples were measured for UV transmittance at 254 nm
by a Varian Cary5000 ultraviolet-visible light spectrometer in the Chemistry department at
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Andrews University. The UV-visible spectrometer was calibrated with a baseline sample of
deionized water before measuring the absorption and percent transmission of the prefiltration and post-filtration samples. Each spectra was collected with the same cuvette in the
same orientation to avoid difficulties from inconsistencies in the quartz.
The results of initial testing indicated that the filter increased 254 nm UV light
transmission through the water from 68% to near 100%. By such measurements, the 6.43
ppm initial concentration of methylene blue was reduced to 83.4 ppb (0.0834 ppm). The
final level of transparency is well above the 75% transmission required by the UV reactor to
assure destruction of any viruses or bacteria in the water stream. An image of the collected
samples is shown in Figure 13 and a graph of the transmission of light through the
methylene blue samples is shown below in Figure 14.

Figure 13: Picture of the pre-filtration (left) and post-filtration (right) samples
that were tested in the UV-visible spectrometer.
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Figure 14: The UV-visible light spectra of the percent transmittance through the prefiltration and post-filtration samples is shown.
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For operation testing, the system was able to produce water at a rate of 1.1 lpm (0.29
gpm) when the water was being fed through the filter. Some of the difficulties in this regard
were due to the flow controller which significantly increased back pressure on the system.
With the added back pressure, the pump’s 30 psi safety valve continually actuated, repeatedly
switching the pump on and off as the resistance reached 30 psi. To minimize this switching,
the voltage to the pump was decreased gradually. Eventually, it was determined that the
pump needed 6VDC to operate continuously without building up greater than 30 psi and
shutting off. At 6VDC the pump drew 1.9 amps. Thus, at full use the whole system (pump
and UV lamp) should required only 33.4 watts to operate.
Bypassing the filter, the pump was able to run at 12VDC and full flow without
difficulty. The full flow rate was recorded to be 3.25 lpm (0.859 gpm). Since this is below the
2 gpm rating of the UV reactor, no flow controller had to be placed in the pathway to
regulate the rate of water flow. Because of the drop in pressure, the current draw by the
pump at 12VDC was 1.9 amps. Thus, without the filter, the full power draw of the system
should be 44.8 watts.
The system was drained by pumping air through the hoses. For this process, the
pump was able to run at 12VDC and full flow. The volume of water evacuated was 1.5 liters.
Care was taken to assure that drainage hoses were in the lowest points of the filter and the
UV chamber to make certain that all water was cleared.

Discussion

Removal of chemical contaminants
In the UV-visible spectrometer both the path length that light must travel through a
solution and the intensity of the UV source are different than the UV lamp in the tested
system. This could be a concern as the percent transmission of light through a 1 cm cuvette
(in the spectrometer) may be acceptably above 75% while the transmission of light to the
walls of the UV reactor may not due to an increased path length. Several characteristics of
the system help to alleviate such concerns.
First, it should be noted that the energy density of the UV light falls off with the
square of the radius as it travels to the walls of the chamber from the bulb. Thus, even with
a path length twice as long as the cuvette, if the UV-visible spectrometer records
transmittance levels of greater than 87% the radiation flux in the chamber should still be well
higher than required for germicidal destruction. Second, the UV reactor is able to sterilize
water to EPA standards at nearly three times the 0.3 gpm flow rate it will be subjected to and
both Cryptosporidium and Giardia lamblia would face well over 4 times the radiation
required for destruction. Finally, as the walls of the reactor are 304 stainless steel, the
transmitted UV light would be reflected back into the water increasing the germicidal effect
within the chamber.
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From concentration calculations, the methylene blue contaminant was 98.7%
removed. Throughout the range of the post-filtration spectrum the transmission of light
averaged 99.2%. For 254 nm light, the increase in UV transmission at 254 nm increased by
32% over the unfiltered sample. All told, the above testing, though not irrefutable, does
offer reasonable surety that the system should capably filter water to the clarity needed by
the UV lamp, and that the UV lamp should be more than able to sterilize the water of any
remaining bacteria and viruses.

Evaluation of the prototype
In overview, the following gives an evaluation of the prototype with respect to the
criteria established as part of the development phase of the project. (For a summary of this
evaluation, go to Figure 15 at the bottom.)
I.

Effectiveness
Between the filter and the UV radiation chamber, the system is rated to
successfully remove a wide swatch of organic toxins, inorganic contaminants,
bacteria, protozoan cysts, and viruses. In completing the removal or
destruction of all of these pollutants, the prototype clearly meets the
effectiveness and purity standard since certified materials were employed.

II.

Safety
Though the prototype was not designed to a full mass-production market
standard, it has been arranged in such a way as to make the final encasement of
electronics easily completed. The UV lamp is shielded to protect the eyes of any
onlookers and the pump is sealed preventing any mechanical dangers from its
operation. Thus, the only characteristic that might offer harm involves the
insulation of each of the electronic components from water intrusion, a process
that will not be completed for the prototype.

III.

Power usage
Designed around AC, DC, and manual power supply inputs, the pump and
UV lamp were selected to use as little power as possible while still supplying
enough flow and radiation to purify water at a rate of 1-2 liters per minute. The
total power draw of the system, then, should be roughly 44.8 watts, a value which
the generator should be capable of producing. In conclusion, then, while the
power draw could not be carefully tested, the design and calculations do, in
theory, meet the criteria.

IV.

Reliability and robustness
In terms of reliability both activated carbon and ceramic candle filters are
proven technologies. Furthermore, the UV lamp is very effective at the
destruction of viruses if water with 75% UV transmittance is supplied. The weak
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point in the system lies with the robustness of the design since each of the main
filtration components is hard and brittle and may, therefore, have difficulty
surviving a 12 inch drop onto a hard surface. (Due to the prototypical nature of
the product, this particular destructive test was not performed.) The system was
designed to handle such a fall, but it is recommended, due to this fragility that
spare lamps and filters be carefully padded and accompany any group choosing
to travel with the system.
V.

Size and weight
As mentioned briefly earlier, the entire design fits well within the size
established earlier showing measurable decreases in each of the dimensions
(saving 4888.5 cubic inches of volume). In terms of weight, the prototype lacked
both a light-weight housing (wood instead of plastic or aluminum), a generator
system, and a battery. As it stands, the prototype weighed 21 lbs.

VI.

Cost
Including iterations of design, the total cost of parts for the system was
under $1,000. Purchase of a generator would affect this value, though not to an
unmanageable degree. This value would be significantly higher were labor costs
included, but it still falls within an economical range for the intended market and
it is easily competitive with other similar products (see Figure 16).

VII.

Appearance and ease of use
The final design fits within a rectangular case featuring three doors for easy
access and maintenance. The system should be able to be set up and run in well
less than 5 minutes (assuming water is readily available) and both the filter and
lamp can be changed and the pre-screen cleaned in under 5 minutes as well.
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Initial Request
Effectiveness Pure to EPA standards

Final Design
Pure to EPA standards with NSF certified filter
and EPA rated UV reactor

Safety

No shock or mechanical
hazards

No mechanical hazards, electronics able to be
enclosed, sealed, or away from water

Power usage

Able to run on manual
generation

Able to run on manual generation (44.8 watts
required)

Reliability

30 people for 30 days

UV lamp easily meets requirement, filter may
need changing depending on water supply

Robustness

Survive 12" drop on hard
surface

Not tested, lamp and filter should survive based
upon design

Size

25"x16.5"x7" (decrease in all dimensions, saves
Not larger than 36"x18"x12" 4888.5 cubic inches, 62.9% reduction in
volume)

Weight

Not more than 50 lbs

21 lbs (lacking generator, battery, AC inverter).

Cost

$1000 nominal for parts

Parts for prototype cost nominally $1000

Appearance

Simple, refined geometry

Rectangular prism design with wooden casing

5 minute set-up, 10 minute
Less than 5 minute set-up, Less than 5 minute
maintenance
maintenance
Figure 15: Comparison of desirable criteria and final design specifications

Ease of use

Merits of the design
In summary, the valuable elements and notable innovations of the system are the
modular flow path design, multiple forms of allowable power input, and the ability of the
system to be employed for use in almost any world region. By harnessing the first two
features, the system can be optimized for the water supply at hand. The pump can be used
only when necessary thereby decreasing the power requirements for processing since only
the lamp must be energized. Furthermore, in times when only the filtration of a water source
is necessary, the lamp can be manually disconnected allowing the user to power only the
pump. Figure 16 offers a comparison of the qualities desired by a consumer and the features
of the system as it measures up against the competitors discovered during initial literature
and market investigations.
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Proposed Design

AquaSun
International
Responder A24

SAF H2025,26

SteriPEN
Sidewinder27

Filtration

0.2 micron
activated carbonceramic candle

0.5 micron
activated carbon

0.5 micron
activated carbon

---

Virus
destruction

UV sterilization

UV sterilization

UV sterilization

UV sterilization

AC Power

Available

---

---

---

DC Power

12VDC

12VDC

12VDC

---

Battery

12VDC

12VDC

12VDC

---

Alternative
Power

Pedal system

---

---

Hand crank

Flow rate

Slow: 0.29 gpm
(1.89 lpm)
High: 0.86 gpm
(3.25 lpm)

1 gpm
(3.79 lpm)

2 gpm
(7.57 lpm)

0.176 gpm
(0.667 lpm)

Allowed

Allowed

Allowed

---

Surface
water
Utility
water
Power

Allowed

Allowed

---

Allowed

33.4 – 44.8 w

31.6 w

82 w

Unknown

Modular
flow path

Any combination
of components

Only pump
bypass allowed

---

---

Size
25 x 16.5 x 7
24 x 20 x 18
24.3 x 19.4 x 8.7
8.6 x 5.5 x 3.8
(inches)
Weight
21 lbs (See above)
50 lbs
Unknown
1.04 lbs
Lamp
9,000 hrs
8,000 hrs
Unknown
12,000 hrs
lifetime
Consumer
Unknown
$1,699.00
$579.50
$99.95
cost
Figure 16: Given above is a comparison of the features of the developed product and
competing technologies.
Aqua Sun International. Responder A. 2011. http://www.aqua-sun-intl.com/portable-water-purificationsystems/fresh-water-systems/responder-a (accessed November 20, 2011).
25 SAF H20. SAF H2O Portable Emergency UV Water Purifier/Filter. October 30, 2011.
http://www.ebay.com/itm/SAFH2O-Portable-Emergency-UV-Water-Purifier-Filter/270765240738?pt=LH_DefaultDomain_0&hash=item3f0addb1a2#ht_4094wt_979 (accessed November 20,
2011).
26 Pelican-Case. Pelican Case 1600 with Foam - Black. 2012. http://www.pelican-case.com/1600.html (accessed
March 23, 2012).
27
SteriPEN. "Sidewinder." SteriPEN website. 2011. http://www.steripen.com/sidewinder (accessed March, 23
2012).
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Future work for this system, should it be continued, would involve a few separate
elements. First, the location and construction of the planned gearbox/generator power
supply system is important as it offers much by way of flexibility and portability. In this
regard, the current prototype is still somewhat handicapped as it is forced to have an AC or
DC power source readily available. Additionally, the charging circuitry needs further
development as the system should be capable of running off of an AC source while
concurrently charging the battery rather than in the cyclic fashion presently allowed. Final
analysis of the power inputs to each component must be done to assure that the UV lamp
and pump are receiving proper amounts of energy. This testing also certifies that the power
to the system is consistent under each of the various forms of electrical input. This testing
would aid in the solidification of the charging and power distribution circuitry design.
Rigorous testing forms the backbone of a second element of future work. It is true
that the filter and UV lamps come independently tested and, as such, they should not
required independent certification of their individual qualities. It is important, however, to
test that the specifications of the filter mesh well with the requirements of the UV reactor (as
initially completed in the above Testing section). For the filter this involves measurement of
the flow rate and pressure applied to the system under various loading conditions. For the
UV lamp, tests must be completed to provide assurances that the filter removes turbidity in
the water to well below the level required for 75% UV transmittance. Though initial tests
were completed in this regard, the longer path length within the UV reactor (as compared to
the UV-visible spectrometer) dictates that such tests form only a feasibility argument and
further accounting should be done.
The requirements of the design and prototyping of the system placed further testing
beyond the scope of the project. Only initial, practical testing was done as a confirmation of
predicted behavior. As it stands, short of the generator power input, the flow system is
prepared for water quality testing. Electric circuitry design yet requires some revision before
it is ready for finalization.
Conclusions:
In closing, though the final prototype is not refined and “market ready” it
successfully accomplishes the goals set forth during for a proposed system capable of ably
producing clean water from a variety of sources around the world. The technology chosen is
reliable and meets each of the requirements to a high degree. Though a number of
challenges remain in taking the developed product to a mass-production scale, the template
for a possible product and the feasibility of such a system has been amply demonstrated. All
told, the proposed system could potentially have a significant and beneficial impact in
helping aid workers around the globe obtain clean water where it was previously unavailable.
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